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AERODYNAMIC CHARACTERISTICS CF MISSILE CONFIGURATIONS WITH 
WINGS OF LOW ASPECT RATIO FOR VARIOUS COMBINATIONS OF 
FOREBODIES, AFTERBODIES, AND NOSE SHAPES FOR 
COMBINED ANGLES OF ATTACK AND SIDESLIP 
AT A MACH NUMBER OF 2.01 


By Ross B. Robinson 
SUMMARY 


An investigation has been made in the Langley 4- by 4-foot super- 
sonic pressure tunnel to determine the aerodynamic characteristics of a 
series of missile configurations having low-aspect-ratio wings at a Mach 
number of 2.01. ‘the effects of wing plan form and size, length-diamcter 
. ratio, forebody end afterbody length, boattailed and flared afterbodies, 
e and various nose shapes were determined. Six-ccmponent force and manent 
data are presented for combined angles of attack and sideslip to about 
28°, No analysis of the data has been made in this report. 


INTRODUCTION 


A problem of increasing importance in missile design is the effi- 
cient utilization of internal stowage space in aircraft, The use of 
low-nspect-ratio lifting surfaces with small span-diameter ratios would 
result {n more compact missiles occupying materially less volume than 
the same number of configurations with large-span lifting surfaces, 


Another problem of missile design is the maneuverability required 
by the limited scanning angles of the missile seeking equipment. The 
missile should be capable of large attitude changes vith minimum control 
deflections. A configuration with nonlinear lift and pitching-manent 

. variations such that the values of static margin and lift-curve slope 
are low near zero angle of attack would satisfy thin requirement, 
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Same previous investigations have presented a limited amount of 
information on missiles having low-span wings. The results of an inves- 
tigation of monowing strips of span-diameter ratios fran 1.19 to 2.01 
on a body of revolution at a Mach number of 1.41 are presented in refer- 
ence 1. The aerodynamic characteristics in pitch for Mach nimbers fran 
1.97 to 3.33 of a series of missile configurations having low-aspect- 
ratio monowings and various types of controls are given in references 2 
and 3, 


This report contains the results of an investigation of a series 
of missile configurations having various length-diameter ratios, wing 
plan forms, nose shapes, and forebody and afterbody arrangements at o 
Mach number of 2.01 in the Langley 4- by 4-foot supersonic pressure 
tunnel. Six-canponent force and mamant data were obtained for combined 
angles of attack and sideslip to about 28°, No analysis of the data 
has been mode in this report. 


SYMBOLS 


The datn are presented as coefficients of forces and manents with 
the center of moments at the leading edge of the exposed root chord of 
the wing. All the data are reforred to the body-axis system (fig. 1), 


Cy normal-force coefficient, 4; 
Cy axial-force confficient, 4. 
qs 

Ca pitchtng-mament coefficient, os 
c rolling-manent coefficient ek 
J 13§ ? qSa 
Cc Mz 
2 yewing-mament coefficient, qsd 
Cy side-force coefficient, no 
N normal force 
A axial force 
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Y side force 
: My pitching manent 
My rolling moment 
Mz, yawing moment 
a diameter of cylinirical section of body, 3.00 in, 
8 cross-sectional area of cylindrical portion of body, 
0.0491 sq ft 
qa dynamic pressure 
| a angle of attack of model center line, deg 
! ) angle of sideslip of model center line, deg 
8s deflection angle of spoiler, perpenditular fo hinge line, 
positive when trailing edge deflected upward, deg 
x longitudinal distance of mament center rearward of nose 
of body. 
I length of body 
' x/t position of mament center rearward of nose 
t/a lenyth-diameter ratio of body 


Model components (see fig. 2): 


Forebodies (figs. 2(b) and 2(c)): 


Fy, Fo Fg, Fy ogive-cylinders with varying lengths of cylindrical 
portion (fig. 2(b)) 


Fo flat-face cylinder with tripod tip 
Fs Fo with wire mesh on tripod 
Ps modified ogive-cylinder with hemispher!cal nose 
; fr, Fy with j-inch spike 
: F¢ Fs with slotted cone fairing 
CONFIDENTIAL 
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Afterbodies (fig. 2(a)): 


Ay no afterbody 

Ay» Ao cylindrical afterbodies 
As, Ay, As boattailed afterbodies 
Ag» Ans Ag flared afterbodies 


Wings (fig. 2(f)): 


Wo wing off 
Wy, Woy Ws delta wings 
Wy» Ws, We rectangular wings 


MODEL AND APPARATUS 


Sketches of a typical complete model and of the model canponents 
are shows in figure 2. The geametric characteristics of the various 
components and canbinations of forebodies, wings, and afterbodies are 
given in table I, Values of x/? and 2t/d for all the bodies are 
also given in table I, The models used in this investigation are shown 
in figure 3, 


The various configurations were obtained by attaching combinations 
of fcrebodies, afterbodies, and wings to a cylindrical section Wo having 
a dianeter of 3,00 inches (this diemeter is hereinafter referred to as 
l caliber in calculating body lengths) housing the internal strain-gage - 
balance (fig. 2(f)). 


The basic forebodies investigated were a series of 3.5-caliber ogive- 
cylinders with varying lengths of cylindrical section (fig. a « mM 
addition, a 3.5-caliber ogive with a rounded nose (F5, fig. 2(c)) to which 
& slotted cage (Fg, fig. 2(c)) or a 3-inch spike could be attached (R,, 
fig. a(c)), ard a flat-face cylinder with a tripod, with and without a 
vire mesh around the tripod (Fp and Fy, fig. 2(c)) were tested, The 
3-inch spike was selected as a result of tests at a Mach number of 1,61 
of a similar configuration (refs. 4 and 5) which indicated thie spike 
length to be optimum for minimum drag at small angles of attack. 
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The afterbodies, shown in figure 2(d), consisted of the following 
configurations: Ap, no afterbody; Ay, @ l-caliber cylinder; Ao, a 


2-caliber cylinder; Ay, @ l-celiber 6.50° boattail; Ay, a l-caliber 
6.509 boattail attached to a l-caliber cylinder; As, a 2-calibder 

3.25° boattail; Ag, @ l-caliber 6.50° flare; Ay @ l-caliber 6.509 flare 
attached to a l-caliber cylinder; and Ag, a 2-caliber 5.25° flare, 


Cruciform wings vere mounted in slots in the balance housing. 
Three rectangular-wing and three delta-wing configurations were tested 
(tig. 2(f) and table 1). ‘The wings were so designed that the exposed 
areas of the medium and large wings of each series were two and four 
times, respectively, those of the small wings. Areas of corresponding 
wings in each series were equal; for example, the exposed area of the 
large rectangular wing was equal to that of the large delta wing. 


Two spoilers, one for each horizontal wing panel, were provided 
for the large delta wing (fig. 2(g)). Deflections of 45° and 90° vere 
obtained by fncing either the oblique or the perpendicular face of the 
spoiler forward. The length of each spoiler was 3.094 inches and the 
width of each spoiler was 0.625 inch, The height of each spoiler was 
0.625 inch, 


The models were mounted on a rotary sting to permit testing through 
ranges of combined angles of attack and sideslip, Six-camponent force 
and moment data were measured by an internal strain-gage balance. Base 
pressues were measured with a single tube well inside the model. A 
cylindrical wooden block approximately the sane size as the base of the 
model and 1 inch long was attached to the sting avout 1/8 inch behind 
the model base, 


TESTS, CORRECTIONS AND ACCURACY 


Test Conditions 


The tests were made at a Mach number of 2,01, a stagnation tempera- 
ture of 100° F, and a stagnation pressure of 1,440 pounds per square foot 
absolute, ‘The Reynolds number, based on the maximum diameter, vas 


0.62 x 106 (2.47 x 106 based on a length of 1 foot). Stagnation dewpoints 
of -25° or below were maintained to eliminate condensation effects. The 
angle-of-attack range for pitch tests was from -4° to about 28° at zero 
sideslip, and the angle-of-sideslip range was from -4° to a maximum of 
about 28° at angles of attack of about 0°, 4,19, 8.29, 12,39, 16,49, 
20.5°, and 24.7° , 
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Corrections and Accuracy 


The angles of attack and sideslip were corrected for the deflection 
of the balance and sting under load. The Mach number variation was 
about 0.015 and the flow-sngle variation in the vertical and hcrizontal 
planes did not exceed i0.1°. No corrections have been applied to the 
data to account for these variations. 


The axial-force data vere adjusted to a base pressure equal to free- 
stream static pressure, Since the measured base pressures vere about 
the same as the teut-section static pressure for angles of attack to 
about 8°, the wooden block apparently was effective in producing approx- 
imately constant pressures across the base of the model. Base-pressure 
measurements for several of the configurations were found to be inaccurate 
decause of instrucent failive. The axial-force coefficients for thesa 
configurations were corrected by using base pressures measured for con- 
figurations having the same wing located the same distance fron the base. 


The protuble errors in the force and manent data for small angles 
of attack and sideslip are considerably larger for the body configura- 
tions without wings than for the body-wing configurations because the 
strain-gege balance was not atle tn measure Very small loads with suf- 
ficient accuracy. Small increments of forces and moments could be 
accurately measured in higher load rangea, Zero shifts and randan 
instrument errors were about the same for ali configurations. Canpari- 
son of tests made with and without the wooden block for the configura- 
tion with large delta wings, no afterbody, and t/d = 10 indicated 
negligible effects of the block on the forces and manents,. 


Estimated probable errors in the force and mament data based on the 
repeatibitiity of the results, zero shift, calibration, and random I[nstru- 
ment errors are as follows: 


Cy Cr 2 2 2 2 10.0565 
CA oe eter eee evrere ev ee eee ee er eee ew wv wvrewee +0.00583 
Cy Ce ee eS 0 2 SS Or Sr 2 2 i 2 3 0) .0930 
Cy Ce ee SS SS OO Or Or 2 2 «8 20037 


eeee#e#eee#eet ## ¢¢ ¢ © @ @¢ @ 40.0923 
Cy spew errr ere rer ere rer evr eeerevr eves « 10,0580 


Ch ee eee vane 


oe 


The angles of attack at zero sideslip and sideslip angles at zero 
angle of attack aru estimated to be correct within 0.1°, For combined 
angles of attack and sideslip the angles ars ccrrect within +0.2°, 
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. PRESENTATION OF RESULTS 


The data are presented in figures 4 to 46, The effects of delta 

and rectangular wings on the aeredynamic characteristics in pitch and 
in sideslip at various angles of attack with various cylindrical after- 
bodies (3/a = 10) are found in figures 4 to 21. Figures 22 to 30 present 
the effects of forebody length on the aerodynamic characteristics in 
pitch and in sideslip for bodies with various cylindrical afterbodies 
with and without the large delta wing at vurious angles of attack (t/a 
varies). The effects of various boattailed and flared afterbodies with 
large delta wings on the aerodynamic characteristics in pitch and in 
sideslip at various angles of attack are presented in figures 31 to 39 
(t/a = 10). The effects of the various special nose shapes on the acro- 

i dynamic characteristics in pitch and in sideslip at various angles of 

i attack with no afterbody and with large delta wings are presented in 
figures 40 to 45 (3/d varies). The effects of spoiler deflection on a 

: configuration with l-caliber cylindrical afterbody and large delta wings 
(Fr¥A1) on the aerodynamic characteristics tn pitch and in sideslip at 


zero angles of attack are presented in figure 46 (t/d = 10), 


The axial-force coefficients for the following configurntions were 
corrected for base pressures fom similar configurations as deseribed in 
the preceding section; 


Configurations , Figure 
FYW)Ao, FoWy Ao, FoWy Ay Ce eS SS DD 22 
PUW)Ay, FoWyAy Cr eS DS 2 2 23 
FoWyAay FeWyAa, FoWyAa oeee eee eee ee ee ev eo 8 oO 2 ah 
FoWyAg ce eee eee we werner rece r reves vee 40 


No axial-force coefficients have been presented for configurations 


FoWyAs end FAG: The measured base pressures were not accurate and 
no base pressures for similar configurations were availnble, 


CONCLUDING REMARKS 
An investigation was made in the Langley 4- by 4-foot supersonic 
pressure tunnel to determine the aerodynamic characteristics on a con- 


figuration with various combinations of forebodies, afterbodies, nose 
shapes, and wings with low aspect ratio. Six-coampment force und manent 
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data were obtained for combined angles of attack and sideslip to about 
28°. No analysis of the data has been made in this report, 


Langley Aeronautical Laboratory, 
National Advisory Camnittee for Aeronautics, 
Langley Field, Va., April 3, 1957. 
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Relative wind 


Relative wind 


Figure l.- Axis systems. Arrows indicate positive directions of forces, 
moments, and angles. 
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(b) Forebodies with 3.5-caliber-ogive cylinders and with constant rear 
diameter of 3.00 inches, 


Figure 2. Continued, 
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(c) Special nose shapes. 


Figure 2.- Continued, 
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No afterbody 
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(d) Afterbodies, 
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(AlL afterbodies are bodies of revolution.) 


Figure 2, Continued, 
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Delta wing series 


my 


Rectangulor wing series 


(f)} Details of wings. 


Figure 2.- Continued. 
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Typical wing section A-A 


(g) Details of spoilers, 


Figure 2. Concluded, 
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(a) Typical delta-ving configuration, L-94318 


Pigure 3.- Models used in investigation, 
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(b) Typical rectangular-wing configuration, L-94327 
Figure 3.- Continued, 
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Figure 3-- Continued. 
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Figure 4,- Effects of delta wings on aerodynamic characteristics in 
pitch, No afterbody; 2/d = 10, 
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Figure 5.- Effects of delta wings on aerodynamic characteristics in 


pitch, One-caliber vylindrical afterbody; t/d = 10, 
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Pigure 6.~ Effects of delta wings on aerodynamic characteristics in 
pitch. Twoecaliber cylindrical afterbody; t/d = 10, 
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Figure 7.- Effects of delta wings on aerodynamic characteristics in side- 
Slip. No afterbody; 2/d = 10, 
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Figure 7.- Continued, 
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Figure 7.- Continued. 
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Figure 7.- Continued, 
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Figure 7.~ Continued, 
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Pigure 8.~ Effects of delta wings on aerodynamic charactertatics in side~ 
: slip, One-caliber cylindrica? afterbody; t/d = 10, 
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Figure 8.- Continued. 
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Figure 8.- Continued, 
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Pigure 8,- Continued. 
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Figure 8,- Continued, 
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Figure 8.- Continued. 
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Figure &8.- Concluded. 
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Pigure 9. Effects of delta wings on aerodynamic characteristics in side~ 
slip. Tvo-cnliber cylindrical afterbody; t/d = 10. 
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Figure 9.- Continued. 
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Figure 9, Continued. 
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(a) Body alone, Fadpin- 


Figure 10.- Variation of Cy and Cy with § for various angles of attack. Delta-wing series; 


no ufterocdy; t/d = 10. 
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Figure 10.~ Continued. 
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(4) Smell delta wing, FeWsAp- 
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Figure 10.- Concluded. 
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(a) Body alone, FWA). 
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Delta-wing series; 


Figure li.- Variation of Cy and Cy with § for varicus angles of attack. 
l-caliber cylindrical afterbody; 1/d = 10. 
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Figure 11.- Continued. 
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Delta-wing series; 


§® for various angles of attack. 


g-caliber cylincrical afvertody; U/d «= 10. 
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Figure 12.- Variation of C, 
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(b) Large delta wing, PYWAS 


Figure 12. Continued. 
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(c) Medium delta wing, FyWoAo. 


Figure 12,.~- Continued. 
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(4) Smal) delta wing, Pyaahgs 


Figure 12.- Concluijed. 
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Figure lo. Effect of rectangular wings on aerodynnmle characteristles 
in sileslip. Mo afterbody; t/t = 10. 


CONFIDENTIAL 


NACA RM L57DL9 CONFIDENTIAL 
16 
EM OH Cesta cl 
eit 
can 
see 
Cn 
4 
0 ae oa se aha =n 
: nea 
: gage REARRARESESE 
\ 
¢ obtte wae 
4 FERRE ee 
xa HT PER EEE 
Hepner et te 
0 « add e 
+ Heetthes ass 
Siuguaacsse 
bee ebe eee EEE EN: 
EEE 
“EERE EE 
-6 ; 
ceil 
} + |- 
~{2 C ; D 
er) o.|6|O4 8 2 6 20 24 28 32 
B, dag 
(vn) veal’. 
Figure iver Contbnast 


CONFIDENTIAL 


65 


64 CONFIDENTTAL NACA RM L57D19 


ag, RR i a A a i 


»s EEEEEEH EEEEEEET ETT EEE 
aan aa 


rt 
PECEE er thr perder faoeas 
A lddtdaadsddddvcudeugs seein 
PEEEEE PePeEEECECED peer tH Cece eT ET | 
p MA SUEY COS 2 0 MENU Seca pre TESTE 

HERE ESP PPT eee cer er Perr er 


nT Fe Hanasanlivareie"s many 

‘cans EcECEE-EEEEE ESSE EE EEEEEEEE 
CP Te uaaciaariania 
ange WiGacscetesskl al 
| PEE HELE ett 


Vit | EULEEDEE 
RCH ESE ESE TEE at iad 
oane EETEETEETT TES PLETE 
iS finilil 
an, SST 
aN Pd BA Ed 
i TRS SECEEEL 
Aine a 
eet 
aa 
RSET 


a 
o 
Ey 
a 
ef 
a 
ans 
eae 
enc 
~T4 
SUB 
ae 
LL 
a 
aE 
tam 
atmn 
ize 
Los | 
=: 


(ce) a= d.2°, 


Figure 16.- Continued, 
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Figure 17,- Effects of rectangular wings on avrodynamic characteristics 
iq sideslip. One-caliber cylindrical afterbody; t/d = 10, 
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Figure 17.- Continued, 
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Figure 17.- Concluded. 


(g) 


CONFIDENTIAL 


76 CONFIDENTIAL NACA RM L57D19 


HEE  PEEFEEEEELEL ET 
soft HLLELTT TE EECEEEEE HEEFT PERE 
ET ew a PECLELLEE EEE EE 
lito | 4. 2 LELLEEEEEEPER PEA EE 
ue | 3 SEE a 
ris) 8 3 CEPPTPEEET a Tet 


12 
es 111 BNNASSELS ENED =¢30700 


HET sansa 
SHAIADNTENISEATATSE9 cu0aa?é 


4 EE ae pre E Ee 
iil BUNSENINS2 S85 o sc gS 'eCaNSOnTE 
ol LT Ti gies pe heert 


BAUhAaARA adh dacadadses 
‘ “4 SIUATAELANISCATIONI CTEEEE EEE ELE 
yinea tL 
rity + PEE TS | 
Oe tect t 


gerrt=e 


ee 


EER EPY 
rae, 


Figure 18.- Effect of rectangular wings on aerodynamic characteristica 
in sideslip. Twoeceliber cylindrical afterbody; t/d = 10, 
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(g) a= 24.7°. 
Figure 18.- Concluded. 
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Figure 19,- Veriation of Cy and Cy with § for varicus angles of 
attack, Rectangular wings; no afterbody; 2/1 = 10. 
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Figure 19.- Concluded. 
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(a) Large rectangular wing, FoWiAy 


Figure 20.- Variation of Cy and Cy with § for various angles of 
attack. Rectangular wings; lecalit « cylindrical afterbody; t/d = 10, 
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Figure 20.- Continued. 
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(c) Small rectangular wings, FqWéA;- 


Figure 20.- Concluded. 
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(a) Large rectangular wing, FuWyAoe 


Figure 21.~ Variation of Cp and Cy with £6 for various angles of 
attack, Rectangulur wings; 2-caliber cylindrical afterbody; U/d = 10, 
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Figure 2l.- Continued. 
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(c) Small rectangular ving, FyWeAo. 


Figure 21.- Concluded, 
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Figure 22,- Effect of forebody length on aerodynamic characteristics in 
pitch. Large delta wing; no afterboly. 
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Figure 23.- Effects of forebody length on aercdynamic characteristics in 
pitch, large delta wings; l-caliber cylindrical afterbody. 
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Figure 24,- Effects of forebody length cn acrodynamic characteristics in 
pitch. Large delta wings; 2-caliber cylindrical afterbody,. 
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Figure 25. Effect of forebody length on aerodynamic characteristics In 
BSideslip. Large delta wings; no afterbody, 
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Figure 25.- Continued. 
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Figure 25.= Continued. 


CONFIDENTIAL 


100 CONFIDENTIAL NACA RM L57D19 


am EEA Pe a FEY 

HH fees s aaeeeerde 

PACCRECEEE AT geen Ge 

amet enuazaay  tuggeagar sia 
A LY +t é So 


[beg EY 
Bre 

le oc cee, Reet 

| PEE 

gue eee EPR 
Sma aus! coueaeaeas as 
eames ag BPA 


CONFIDENTIAL 


(c) Concluzed. 
Figure 25.- Continued. 
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Figure %5.- Continued. 
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Pigure 25.- Continued. 
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Figure 25.~- Continued, 
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Figure 25.- Continued. 
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Figure 25. Continued, 
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Figure 25,~ Concluded, 
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(a) a= 0° 


Figure 26.- Effect of forebody length on aerodynamic characteristics in 
sideslip. Large delta wings; l-caliber cylindrical afterbody. 
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Figure 27.- Effects of rorebody length on aerodynamic characteristics tn 
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Figure 27.- Continued. 
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Figure 28.- Variation of C, and Cy with § for various angles of attack. Various forebody 


lengti.ns; large delta wings; no afterboly. 
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Figure 29.- Continucd. 
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Figure 29.- Continued. 
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Figure 29.- Concluded. 
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with § for various angles of attack. Various forebody 
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Figure 30.- Variation of C, and C;; 
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Figure 30.- Continved. 
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Figure 30. Continued, 
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Figure 32.~ Effects of 2-caliber cylinder-boattall (Ay) and 2-caliber 
cylinder-flare (Az) afterbodies on aerodynamic characteristics in 


pitch. Large delta wings; t/d = 10. 
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Figure S4.- Effects of l-caliber buuttall (As) and lecaliber flare 
(Ag) anfterbodiles on aerodynamic characteristics in sideslip. Large 
delta wings; t/d = 10, 
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Figure 34.- Continued. 
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‘ Figure 35. Effects of 2-caliber cylinder-boatta!l (Ay) and 2-caliber 
cylinder-flare (Ag) afterbodies on aerodynamic characteristics in 
sideslip, Large delta wings; t/d = 10. 
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Figure 35.- Continued. 
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Figure 35.- Continued. 
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Figure 35.- Continued. 
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Figure 36.- Effects of 2-callber boattail (A5) and 2-caliber flare 


(Ag) afterbodies on the aerodynamic characteristics tn sidosllp. 
Large delta wings; 1/D = 10, 


CONFIDENTIAL 


173 


CONFIDENTIAL 


NACA RM L57DL9 


ee 


RERDRARAES AS iaaaGa8 


Ba Jeeeeee ae 


Sania 


seet gags sagee” 


S eet pr ige = 
BENeEEEVE | GEE EWE EE ERE: 


ganna 


a~ §,3°, 


(b) 
Figure 36.- Continued. 


CONFIDENTIAL 


NACA RM L57D19 


CONFIDENTIAL 


174 


Srgssssace  & 
ESterseesns = Suey 
Seueeesscse SS Ssts ited i as 
Serene eae Spt tet feb ees ey 
Hae Ptopotetetet fete 3 
facet BESGSRASEES rags 
BEES obec fab betel tet iobetctottatete 
ett BEERS Sn NP ee HEGr : 22S RR Se Boee yr es “ 
eae BERG RSERHETREASCE SESE Series: Gee 3 
HEE ae Re eect ee eb pee ee oe: 
aE Boca seeeah + eeaee  SGGEEy ABBE uae =e uy 3 
SEE EERE EET au 3 8 5 
=. ae es 
o 3 ° ro) 
g 8 te 
a iC} 9 3 
& 
icv 
CEEEEEEEPEEEE Panes 4 PPEEEEEER 
PEE EEE EE 14 Sreqeea Z3 aownna 7 
ageses BEES hc wo Cer.. GEdRSae are 
SRESSSS Soeeenonaos BOSECEES zr 


yy ¢< i © 
' 


+10; 


~ 
c 
ray oO 


NACA RM L57D19 CONFIDENTIAL 175 


SUTUTERINETENED 
SOUUANEEATEINI 
HOOP 
PEELE EEL EEE 
SUqUERICUSSEANESUSNIY? -403 
SCHRENUNSSUESSEEIITS” -QTUEE 
ANUESEAUSIESNEVESD, .ST0EIEE 


uy 

ba tit | 
PER TS 
rife te 


aa gees mg eyen eee 
Sden my Oe a on Bo 


: 


BRE RR 22258 
BEE. Bikes 


A: 


pir ial ok bak el DS a OS ERT, 
PF f | 


sa Bg 
a = 
ZEeSost 
fet Bh 

CTE REE EREER 


ed Go Soh at de a hee GALLE ERR es a 


BE MENS se 


i f 
ba 74 Ea ed a 2S el Oo bo oa oe ca 


Snaae Zee 


: 
+t 
: 


(ad) a ~ 12,99, 


‘ Figure 36.- Continued. 
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Figure 37.- Variation of C, and Cy with § for various angles of attack. One-caliber boet- 
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Figure 37.- Continued. 
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Figure 37.- Continued. 
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Figure 37.- Cencluded. 


CONFIDENTIAL 


NACA RM L57DL9 CONFIDENTIAL 


ape PPP EP eee 
ED aS Se Soa et 


a 
: 
: 
: 
: 
: 
i 
ce 


eH oe iH FEE 


Hee 
ite FH iq CHA ima 


of Ht PEEEE : 
Hee ise SHEESH 


CHEECH 


bettas : 


COWFIDENTIAL 


(a) Body alone, Fy Wofy,- 


— 
oO 
Not 


Two-caliber cylinder- 
= 10. 


bouttail (Ay) and 2-caliber cylinder-flare (A7) afterbodies; large delta wings; t/d 


Figure 38.- Variation of C, and Cy with § for various angles of attack. 


NACA RM L57D19 


CONFIDENTIAL 


184 


*panvyzyquog ~*ge amBtyZ 


LYnts *‘aoote fpog (q) 


ben ’g 


CONFIDENTIAL 


NACA RM L57D19 CONFIDENTIAL 


ein 


Hecaetin 
Pat 


EEL EEE EEE 
Srerste eet 
EERE 


Lt] 
«, 
te] 
4) 
82 


ls et} 
an 
ae 


Ebb epe pee tei 
Gdunvesseeue Ge anna qaneemnecocardrtunal 


an Pate 


neunGn Ea Ramen 
ECEEEEEEEE EEE HEEEE EEE 


“9 <4 o|.|U64 8 2 416 20 24 


(c) Large delta ving, FyWyAy,« 


Figure 58.- Continued. 


CONFIDENTIAL 


~ ei 


186 


Cy 


CONFIDENTIAL NACA RM L57D19 


tee 
PEEeerPerre rete eter 

addddtaataessteatuaesctoataatoait 

re Beebe OPP echt re errr 


Sasetacesrseas hy eae 
suena seadenavesscectasasasaes 


8 “4 0 4 8 16 20 24 28 32 


A, dag 
? 
(a) Large delta wing, PiW)AD. 
Figure 38.- Concluded, 


COMPIDENTIAL 


rm 
[oe] 
=j 


NACA RM L57DL9 CONFIDENTIAL 


= 10. 


p 
mad 
te 
ance uae 
re ath EP PECEREY 
Pee ae CEE, 

See eeeanetae x ees, Err} 


ae aes PEEP ERP Er 
ty HEHE COREE EEE eH 
CECE 


(a) Body alone, FyWoAs- 


tail (A) and 2-caliver flure (4g) afterbodies; large delta wings; U/d 


Figure 39.- Variation of C, and C; with § for various angles of attack. MTwo-caliber boat- 
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Figure 39.- Continued. 
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(c) Large delta wing, FW As. 


Figure 39.- Continued. 


CONFIDENTIAL 


189 


190 CONFIDENTIAL NACA RM L57D19 


sites Ueno 
deastaehcaueetactittastteeesteracats 
a” BEEEECECERE CECE EEL ECE REC eE Carrere 
Sacareadetrenecsere es "a. augcavantentede 

SAUEEANSPaPaeteGeaee 


EEE CEE EE 


“12 Cm 


abeeeressevonsanas Chet] 
SyETEEeeeee cy eeeeueTgTeeD 
Peet Eee ee etteeere 


jabe* Beet. anem, 28m 
Cw 


Se SE FS ian ca eaUaanuaGeo ee 
pecan gouge anestaes a eae Sgnaanenad 
gusguedeaeasaeauasaize<areeeeabacacaeaee 


EEEEEEEESe PEEP EEpe Err EPEeE nan 


i) 4 8 12 16 20 24 428 ° «32 


(d) Large delta wing, FyW)Ag. 


Figure 39.- Concluded, 
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Figure 40,- Aerodynamic characteristics in pitch of tripod nose configue 
ration with screen (F3) and without screen(F 2). No afterbody; large 
delta vings. 
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Figure 41.~ Aerodynamic characteristics in pitch of rounded nose conf igue 
ration (Fs) with spike {F,,) and with slotted-cone (F6). No afterbody; 
large delta wings. 
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Pigure 42,- Aerodynamic characteristics in sideslip of tripod nose con- 
figuration vith screen (F3) and without screen (F2)- No efterbedy; 
large delta wings. 
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Figure 42,- Continued. 
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(c) a» 8,2°, 


Figure 42.- Continued, 
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Figure 42,- Continued. 
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Figure 42.- Continued. 
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Figure 42,- Continued. 
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Figure 43.- Aerodynamic characteristics in sideslip of rounded-nose con- 
figuration (F5) with spike (Fi) and with slotted cone (Fg). No after- 


body; large delta wings, ' 
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Figure 43.- Continued. 
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Pigure 43,- Continued, 
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Figure 43.- Continued. 


CONFIDENTIAL 


203 


204 


CONFIDENTIAL NACA RM L57D19 


Scadeddaucdcennsestusssce 
a 


Sadweususgess 
seugvece a> 
abe +44 we 


a seegyaeresaess geet 
Reusetes 


eiteas 


rt Bauttsecnsaszes¢ 
EEE sadnasedeuuucona neue 
Ban 


HEHEHE seeseatialiad saifasiiieasiis 
Maen dads eededsesdddncasecnanacadapews 


t 
G4 Ri i 20, 2A A a 


(e) a = 16.49, 


Figure 43.- Continued. 
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(f) a = 20,59, 


Figure 43,- Continued, 
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Figure 43.- Concluded, 
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(a) Screen on, PsWyAge 


Figure 44,- Variation of Cq and Cy with 6 Cor various angles of 
attack. Tripod-nose configurations; no afterbodies; large delta 


wings. 
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(b) Screen off, FoW) Ags 


Figure 44,. Concluded, 
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(a) Rounded-ogive nose, FaWyAg. 


Figure 45.- Variation of Cy and Cy with f for various angles of 
attack. Rounded-ogive nose; no afterbody; large delta wings, 
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(b) Rounded-ogive nose with spike, FyW,Ap. 


Figure 45,- Continued. 
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(c) Rounded-ogitve nose with slotted cone, FeWi Ag. 


Figure 45.- Concluded, 
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(a) The variation of Cy, Ca, and Cy with a. p= 0° 
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One~caliber afterbody; large delta wings; 


Figure es) Effects of spoiler deflection on aerodynamic cnaracteristica 
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(b) The variation of Cp, Cz, and Cy with fp. a» 0°. 


tc ce ree ee 


CONFIDENTIAL 


*~ 


i err 
Saee. san 


BETH SIRI 
HE Ha 
aaa 


ee 


EEE 
ETI 
BuRE Huu 


BREECH EE 
ttt 
Sa 


Sh 
ni 
| 


eer da 


it 
rn 
tf 
ae 
on 
nn 4 
EUEAEACUIDUHUSEEESIN'Y 
rT i 


edopedode 


a, 
rani 
Libel 
et 

| 


4 | 

Peto 
Eh ag Sas eee 
ie 


Figure 46.- Continued. 
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